ABSTRACT: Weed control is fundamental in coffee cultivation due to their high interference, competing with the crop for water, light and nutrients. Among the control methods used, chemical control is highlighted, due to its high efficiency and low cost. However, due to application failures, herbicide drift phytotoxicity is common. Aiming at the search for selective active ingredients in coffee, the objective of this study was to growth, anatomy and physiology of coffee plants intoxicated by the herbicide Glyphosate. The experiment was carried out in a greenhouse with 'Topázio MG1190' coffee plants (Coffea arabica L.), cultivated in pots with an 11 L-substrate capacity. The statistical design was randomized block design (RBD), with four replicates and four doses of the herbicide, making up 16 experimental plots. Each plot consisted of three plants. The treatments were: (i) 0%; (ii) 10%; (iii) 25% and (iv) 50% of the commercial dose of the herbicide Glyphosate. The evaluations were performed at 104 days after application of the treatments. Growth, morphological, and physiological characteristics were evaluated. The effect of glyphosate drift impairs plant growth. However, after 104 days of intoxication, there is no longer any effect on the physiology and leaf anatomy of coffee plants. 
INTRODUCTION
The coffee agribusiness is of great importance in the Brazilian economy, and it is responsible for the generation of income and jobs (CAIXETA, 2008) . According to CONAB (2018) , the Brazilian production expected for 2018 is between 54.4 and 58.5 million 60 kg-processed bags, which is higher than the previous year. However, coffee crop yield is directly related to several factors, among them, soil fertility, plant nutrition, phytosanitary control, application technologies, climatic conditions and weed management can be highlighted (OLIVEIRA, 2013) . 1, 2, 3, 5, 6 Universidade Federal de Lavras/UFLA -Departamento de Agricultura/DAG -Cx. P. 3037 -37.200-000 Lavras-MG-dalysecastanheira@hotmail.com,ademilsonagronomia@gmail.com,giovanibelutti77@hotmail.com, pedromenicucci2010@hotmail.com, rubensjg@dag.ufla.br 4 Universidade José do Rosário Vellano -Rodovia MG 179, km 0 -Campus In this context, weed incidence stands out as one of the most important, mainly due to the competition with coffee for water, light and nutrients (FIALHO et al, 2011; LORENZI, 2014) . In addition, it may also hamper crop cultivation, such as fertilization, harvesting and pest and disease control (RONCHI et al., 2003b) .
The period of greatest crop sensitivity to weed incidence occurs in the first year of implantation, mainly in the planting line, where it is frequently necessary to adopt manual control, which is more difficult and costly due to the increasing scarcity of manpower in the field and Growth, anatomy and physiology of coffee ... 77
The application of the herbicide at different doses was carried out using a CO 2 pressurized costal sprayer, with pressure of 45 pounds, and the spray bar directed close to the top of the plants, with a spray volume of 300 L.ha -1 . After the application, the plants remained in the greenhouse for 104 days, daily irrigated, aiming at the maintenance of field capacity (100%). The management and cultural treatment were carried out as recommended by Matiello (2010) .
Visual observation and imaging of the symptoms caused by the action of the herbicide were performed daily. The anatomical and physiological evaluations of the plants were performed at the end of the experiment. The following growth characteristics were evaluated: plant height, measured in centimeters from the ground level to the apical bud of the orthotropic branch; number of leaves; stem diameter, measured in millimeters at the collar of the plants; number of plagiotropic branches; leaf area, in cm², quantified by leaf discs (Cunha et al., 2010) ; shoot, root, plagiotropic branches, ortotropic branche and leaf dry matter, in grams. Root length analysis, in centimeters, was also determined by the sum of the linear extension of each fragment of the root system and the mean root diameter, in centimeters, both using the imaging software Safira (JORGE; SILVA, 2010).
For the evaluation of leaf anatomy, at 104 days, leaves located between the second and third node of the plagiotropic branch of the plants were collected. Subsequently, in the laboratory, the paradermic and transverse sections were performed. Those paradermic were obtained before of collection, using the universal instant adhesive (cyanoacrylate ester) method (SEGATTO et al., 2004) . In order to obtain the cross sections, the plant material underwent dehydration in an ethylic series, and then immersed in methacrylate (methodology according to the manufacturer) and sectioned with 0.8 μm thickness using a rotary microtome. Subsequently, these were stained with toluidine blue (O'brien; Feder; Mccully, 1964) and the blades were assembled using Entelan ® as a medium. The slides of both sections (paradermic and transverse) were observed and photographed under an optical microscope coupled to a digital camera. The images obtained were analyzed in the UTHSCSA-Imagetool program and then the stomatal characteristics, leaf tissues and vascular bundles were evaluated. For the stomatal characterization, the following characteristics the high rainfall that coincides with the time of greatest weed interference in the crop. In this context, a viable alternative for an efficient weed control in the coffee crop is by herbicides (RONCHI et al., 2001) .
However, even though there are several herbicides registered for weed control in coffee cultivation, few are those that show total selectivity for direct application on coffee (ALCÂNTARA, 2000) . It is emphasized that these non-selective herbicides should be used with caution, avoiding them to reach the crop, causing phytotoxicity symptoms (SILVA et al., 2017) .
Glyphosate is one of the main non-selective herbicides used in coffee plants. However, due to the occurrence of winds and the lack of use of recommended application technologies, product drift can occur, reaching the crop and, consequently, causing phytotoxicity symptoms (RONCHI et al., 2003a) .
Several studies have demonstrated the characterization of these symptoms by the appearance of chlorotic, small and brittle leaves, similar to those of nutritional deficiencies of nitrogen (N), boron (B) and zinc (Zn) (FRANÇA, et al., 2010b) . However, there is a lack of studies that associate the appearance of these visual characteristics with the internal modifications in plants, as well as with the physiological changes caused by these alterations. The objective of this study was to evaluate the changes in the anatomical and physiological characteristics of coffee plants intoxicated by the herbicide Glyphosate.
MATERIAL AND METHODS
The trial was carried out in a greenhouse in the municipality of Lavras-MG, located in the southern region of the state of Minas Gerais, at an altitude of 918 m, 21°14' S latitude and 45°00' W longitude, from December 2016 to March 2017. The annual average air temperature is 19.4 °C, with a maximum of 26.1 °C and the minimum, 14.4 °C.
For the simulation of intoxication, 'Topázio MG1190' coffee (Coffea arabica L.) seedlings were planted in 11-L pots, with 4-5 pairs of leaves. A randomized block design with four replicates and four doses of the herbicide Glyphosate was used: (i) 0%; (ii) 10%; (iii) 25% and (iv) 50% of the recommended commercial dose (3.0 L ha were evaluated: stomatal number; polar diameter of the stomata and equatorial diameter of the stomata. Stomatal density (number of stomata per mm 2 ) and the polar diameter/equatorial diameters stomatal ratio, which is highly correlated with stomatal functionality (Silva, et al., 2014 , Souza et al., 2013 , was calculated using these data. To evaluate leaf tissues, the following were measured: epidermal thickness of the adaxial face; thickness of the palisade parenchyma; thickness of the spongy parenchyma; and thickness of the mesophyll. In the evaluation of vascular bundles, the following parameters were measured: thickness of the phloem region; diameter of xylem vessels; and number of xylem vessels.
For the physiological analyses, a portable infrared gas analysis system (LICOR -6400XT) was used to evaluate the net photosynthetic rate (A -µmol CO2 m -2 s -1 ), stomatal conductance (gsmol H2O m -2 s -1 ), and transpiration rate (E -mmol m -2 s -1
). The water use efficiency (EiUA -µmol CO 2 mmol -1 H2O), calculated by the A/E ratio (Yan et al., 2015) , was also evaluated. The evaluations were performed between 9 and 11 o'clock in the morning under artificial light (1000 µmol m -2 s -1 ), using leaves located between the second and third node of the plagiotropic branch of the plants.
For data analysis, the SISVAR Statistical Software (Ferreira, 2011) was used. For the response variables that showed differences (p < 0.05), the regression models that were able to explain the variation maximum of the response variable as a function of herbicide doses were adjusted.
RESULTS AND DISCUSSION
By the observation of the symptoms and verification of the obtained images, the appearance of the phytotoxicity symptoms occurred from the 10 th day after the application of the herbicide Glyphosate. Initially, in the 10 th day leaves with mild chlorosis were observed in the meristematic regions; subsequently, after 20 days, leaf limb tightening and excessive shooting were observed in axillary bud regions. (Figures 1, 2 and 3) .
Leaf chlorosis is related to the reduction in chlorophyll synthesis by the plant, since Glyphosate directly blocks its formation (TAN et al., 2006) . However, leaf limb tightening maybe associated with dysfunction in the cell caused by the herbicide, causing that three essential amino acids are not produced for plant development, tyrosine, phenylalanine and tryptophan, from the inhibition of the site of action of the target enzyme, 5-enolpyruvyl-chiquimate-3-phosphate synthase (EPSPs) (ZABLOTOWICZ; REDDY, 2004) .
The analysis of variance showed that the variables stem diameter, leaf number, number of plagiotropic branches, shoot and ortotropic dry matter, all physiological, anatomical and root system characteristics of the plants did not present significant differences (p < 0.05) among the doses. However, for the variables height, leaf dry matter, leaf area and dry matter of plagiotropic branches, there was a significant difference.
Despite the initial symptoms after the application of the herbicide, the plants apparently presented recovery, without damage to the physiology and foliar anatomy, after 104 days of application. Tuffi Santos et al. (2008) did not observe variations in epidermal thickness in plants exposed to different doses of Glyphosate in the eucalyptus crop. However, Tuffi Santos et al. (2009) observed an increased thickness of the palisade parenchyma at 7 days after application of Glyphosate in doses from 345.6 g ha -1 in three different eucalyptus clones. This variability in the occurrence of symptoms may have occurred due to the different clones used in the studies.
On the other hand, Reis (2013) observed that, with the increase in Glyphosate doses, there was a decrease in total leaf thickness in 'Catuaí' plants, due to the reduction in the palisade parenchyma, 30 days after application of herbicide.
There was no significant effect on the plants at 104 days after the simulated drift for the physiological characteristics. This may have occurred due to the fact that coffee plants have the ability to recover from the injuries inherent to the herbicide Glyphosate after a certain time after application. In this context, França et al. (2010a) observed a recovery of coffee plants at 120 days after application of Glyphosate, with a decrease in the intoxication level of the plants that received the herbicide. Likewise, Tuffi Santos et al. (2008) chose eucalyptus plants with symptoms of Glyphosate intoxication ranging from 0 to 50% of the dose in the field and verified that, after 180 days of application, the plants were recovered.
No significant differences were observed in the coffee seedlings for the characteristics related to the root system, and these results differ from those found by França et al. (2013) , in which the authors found differences in root dry matter for cultivars Acaiá and Catuaí, using with up to 32% of the recommended herbicide dose. However, Wagner Jr. et al. (2008) also reported that doses of Glyphosate applied on yellow passion fruit seedlings did not lead to reductions in root length at 28 DAA, up to 24 % of the recommended herbicide dose, corroborating the results of this study.
In relation to the characteristics that presented significant differences, as the doses of the herbicide Glyphosate were increased, there was a linear decrease in values, in height, leaf area, leaf dry matter and in the dry matter of the plagiotropic branches of the plants (Figure 4) .
A negative influence of Glyphosate drift was observed under the growth of the coffee plant, so that, by the replacement the dose of herbicide in the adjusted equation linear regression, at every 1% of the recommended dose, the height was reduced by 0.096 cm, the leaf area in 35.31 cm², leaf dry matter in 0.233 g and the dry matter of plagiotropic branches in 0.046 g.
The decrease observed in the values of the studied characteristics may be associated with the mode of action of the herbicide, which acts on the secondary metabolism of the plant (VIDAL, 1997). The smaller leaf area caused a lower leaf dry matter, maybe this happened due to the possibly reduction in chlorophyll synthesis, evidenced by chlorosis, and the absence of aromatic amino acid formation, the leaf increment of the plant was impaired (VIDAL, 1997). The smallest leaf area is directly related to leaf blade tightening, a phytotoxicity symptom observed at the highest doses of the herbicide (Figure 2) .
However, the lower plant height and the lower dry matter of the plagiotropic branches in plants that received higher doses of Glyphosate can be explained by the possible reduction in syntheses of indole-3-acetic acid (IAA), since it is synthesized from tryptophan which, due to the inhibition of the chiquimate pathway by this herbicide, is not produced. Above all, the hormone indole-3-acetic acid is of great importance in the plant, responsible for cell expansion and maintenance of apical dominance, which is directly related to plant growth (GRUYS; SIKORSKI, 1999). França et al. (2010b) also report losses in the growth of coffee seedlings when submitted to the simulated drift of the herbicide Glyphosate.
CONCLUSION
The effect of glyphosate drift impairs coffee plant growth.
Leaf anatomy and physiology were not affected at 104 days after application of the herbicide.
